Introduction
During intercurrent illness, the risk of an adverse drug event could be increased by ongoing use of some medicines. They may cause harm with either continued use or abrupt cessation during illness. For example, ongoing use of an antihypertensive on sick days may compound hypotension associated with the acute illness. Factors to consider for dose adjustment include the type of medicine, formulation and pharmacokinetics, duration of illness and comorbidities.
Pathophysiology
An understanding of pharmacokinetic factors associated with significant illness (sick days) can be useful to predict and manage patients at most risk. Changes in drug absorption, distribution, metabolism and excretion are well documented in critically ill patients. Unfortunately, there are less data to guide the prescribing of regular medicines in less severe illness. Common symptoms that could indicate a patient is at risk of hypovolaemia include anorexia, diarrhoea, vomiting and fever. Depending on the severity of illness and the susceptibility of the patient, volume depletion and renal dysfunction can occur. This can impair the excretion of medicines and result in accumulation and toxicity. Severe gastroenteritis may decrease the bioavailability due to reduced gut transit time and reduced drug absorption so some medications may need a corresponding increase in dose.
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Controlled-release formulations
Drugs with a controlled-release formulation may be more susceptible to decreased bioavailability in severe diarrhoea. 2 For some medicines, this can be associated with a withdrawal or discontinuation syndrome (see Table) , 3, 4 which is predictable and potentially avoidable. This is a particular concern with shorter acting drugs in a controlledrelease formulation (which depends on normal gut transit time) when the decrease in plasma concentration reduces the patient's functional status (e.g. controlled-release formulations of opioids or dopamine agonists).
Renin-angiotensin system inhibitors
When blood volume is reduced, an increase in angiotensin II promotes proximal tubule sodium reabsorption, aldosterone synthesis and thirst which act together to defend renal perfusion and the glomerular filtration rate. Illnesses that cause hypovolaemia can reduce renal perfusion. Since the normal physiological response to hypovolaemia is impaired by ACE inhibitors and sartans, patients taking these drugs are at increased risk of acute kidney injury.
When preparing its guidelines, the UK National Institute for Health and Care Excellence found no relevant publications on withholding reninangiotensin system inhibitors during intercurrent illness. However, it concluded that the risk of acute kidney injury with their continued use outweighs the potential risk of cardiovascular events if they are temporarily stopped. 5 The guidelines suggested that patients should be advised to suspend reninangiotensin system inhibitors during episodes of diarrhoea, vomiting and hypotension, or major infection, until they are 'clearly improving'. 5 The Kidney Disease Improving Global Outcomes guideline recommends monitoring renal function and serum potassium in patients taking a reninangiotensin system inhibitor during an illness that risks dehydration. 6 Given the current uncertainty, it seems reasonable to withhold these drugs in the unwell patient.
While this recommendation may sound rational, the data supporting withholding of renin-angiotensin system inhibitors in other circumstances are conflicting. In a meta-analysis of observational studies in patients undergoing surgery, when there are likely to be associated changes in haemodynamics, renin-angiotensin system inhibitors increased the odds of postoperative acute kidney injury and mortality. 7 However, a randomised controlled trial (in patients with normal baseline creatinine) 8 and a meta-analysis suggested reninangiotensin system inhibitors were protective. 9 The more widely used renin-angiotensin system inhibitors have a reasonably prolonged half-life so a rapid offset of effect will not occur when the medicine is withheld for a few days.
The benefits from renin-angiotensin system inhibitors reflect cardiac and vascular remodelling that follows treatment over many years. Also, severe rebound hypertension does not occur following cessation of renin-angiotensin system inhibitors. Until more data are available, it is reasonable to withhold renin-angiotensin system inhibitors in patients with intercurrent illnesses associated with volume depletion until symptoms resolve.
Diuretics
Diuretics promote volume loss, which can induce renal dysfunction and change electrolytes. This may be exacerbated in patients with intercurrent illnesses. A retrospective study of older patients prescribed spironolactone in combination with an ACE inhibitor for cardiac failure found that intercurrent illness increased the risk of severe renal insufficiency and hyperkalaemia. The study recommended that spironolactone may need to be temporarily stopped during illness involving dehydration. 10 In patients at risk of dehydration or hypotension, spironolactone and probably other diuretics should be temporarily withheld.
Centrally acting antihypertensives
Most antihypertensives are not associated with marked rebound hypertension or other complications (with several important exceptions) due to a transient sub-therapeutic concentration from reduced absorption, or if discontinued.
Clonidine is an agonist at alpha 2 and imidazoline receptors while moxonidine predominantly acts on the I 1 imidazoline receptor. 11 Both reduce blood pressure by reducing sympathetic tone. Abrupt discontinuation of clonidine is associated with rebound hypertension higher than pre-treatment pressures. 12 This risk may be less with moxonidine. 13, 14 Rebound hypertension may be more marked if the patient is concurrently taking a beta blocker due to unopposed stimulation of alpha receptors. 15 We do not advise routinely withholding clonidine or moxonidine on sick days, but blood pressure should be monitored when drug bioavailability may be reduced.
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Medication management on sick days 
Metformin
Patients should withhold metformin during significant illness to reduce the risk of lactic acidosis. Although more strongly associated with its predecessor phenformin, cases of lactic acidosis have also been reported with metformin. 21 Observational studies suggest that it may be more common during intercurrent illness, particularly when there is vomiting, diarrhoea and acute kidney injury. 22 Metformin is unlikely to induce hypoglycaemia but it can aggravate symptoms of nausea, vomiting and diarrhoea, which may increase the risk of renal dysfunction. Vomiting and diarrhoea can be early signs of lactic acidosis and may prompt further investigation. 22 
Sulfonylureas
Patients with severe intercurrent illness generally have an increase in blood glucose. The use of sulfonylureas may limit hyperglycaemia and the risk of a hyperosmolar syndrome. However, patients can experience reduced blood glucose in some instances, such as when severe anorexia and gastroenteritis compromise caloric intake. Patients using sulfonylureas should be advised about the increased risk of hypoglycaemia and should have a low threshold for ceasing their sulfonylurea and seeking medical assessment should they develop low blood glucose readings. Those taking sulfonylureas or repaglinide should continue their treatment and increase blood glucose monitoring to at least twice daily (before meals, including before breakfast). This needs to be done with additional caution for glibenclamide and glimepiride, which have renally excreted active metabolites, 23, 24 and may require closer monitoring of blood glucose.
Beta blockers
Sudden discontinuation of beta blockers can cause rebound hypertension. Acute coronary syndrome has also been reported, even in patients without coronary artery disease. 16, 17 The risk of these events appears to be inversely related to the drug's half-life and the extent of receptor downregulation.
18

Drugs for diabetes
Patients able to self-manage their diabetes medicines should be provided with a management plan for use during sick days. Patients who are not monitoring their own glucose should be advised to see their doctor when becoming ill.
Insulin
During intercurrent illness, there is generally an increased insulin requirement due to upregulation of counter-regulatory hormones, particularly cortisol, so temporary changes to the insulin dose may be required. Despite a reduced nutritional intake, insulin should not be routinely withheld in type 1 or 2 diabetes.
For type 1 diabetes, guidelines suggest that patients administer supplemental doses of short-acting insulin every 2-4 hours if blood glucose remains elevated. If there is no improvement in either blood glucose or blood ketones after two extra supplemental doses of insulin, medical review should be sought. 19 Patients should increase the frequency of blood glucose monitoring and add regular blood ketone measurements if their glucometer allows.
In type 2 diabetes, patients should increase blood glucose monitoring to 3-4 times daily during acute illness. If readings are persistently above 15 mmol/L then the morning dose of long-or intermediate-acting insulin may need to be increased by 10-20%. 20 For those taking short-acting insulin, the dose will need Given that digoxin has a prolonged half-life with normal renal function, it is safe and probably reasonable to withhold digoxin for 1−2 days in severe gastroenteritis. While the stated therapeutic reference range is 0.6-2.6 nmol/L, the current recommendation is to use lower doses and aim for a lower target concentration in the therapeutic range. 29 The risk of toxicity from ongoing dosing is probably low in shortlived gastroenteritis.
Oral contraception
The loss of efficacy of the oral contraceptive pill (combined and progestogen-only) has been reported with diarrhoea and presumably relates to impaired absorption and sub-therapeutic hormone levels. Guidance for managing missed pills is applicable to intercurrent illness.
Combined oral contraceptive pill
If only one dose has been affected by the illness, the pill should be taken when symptoms stop and then the rest of the pack continued as usual. Two doses may need to be taken on the same day. No additional contraception is required. 29 If the illness lasts for two or more pill-taking days, contraception will be affected. The last missed pill should be taken at the end of the illness and then the rest of the pack should be taken as usual. Barrier contraception is required for the next seven days. Active pills need to be taken for the next seven days after the illness to ensure contraception. This may require skipping the pill-free period and commencing the active pills of the next pack. 29 
Progestogen-only pill
If illness lasts longer than three hours, contraceptive efficacy will be affected and the next pill should be taken as soon as the illness concludes (this may mean taking two pills on the same day). Barrier contraception should be used for the next two days.
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Other drugs
There are many other drug classes where interruptions to therapy can have adverse therapeutic consequences (see Table) . Continuing these medicines with an unchanged dosing regimen during a brief episode of acute illness is unlikely to predispose patients to adverse events. In a patient whose symptoms are persistent or severe enough to either cause a significant electrolyte derangement or acute kidney injury, early assessment of serum electrolytes and renal function may allow early detection and intervention.
People on chronic antimicrobial therapy such as antiretrovirals for HIV should continue these if possible. This reduces the risk of losing control of the infection and the potential emergence of antimicrobial resistance.
Glucagon-like peptide-1 analogues and dipeptidyl peptidase-4 inhibitors
While glucagon-like peptide-1 analogues have gastrointestinal adverse effects, they are considered safe in acute illness as they are not associated with hypoglycaemia 25 or complications such as lactic acidosis or renal failure. 26 This is because they stimulate insulin release via a glucosedependent mechanism.
The dipeptidyl peptidase-4 inhibitors (DPP-4 or gliptins) are also considered safe. They potentiate the effect of endogenous glucagon-like peptide-1 by inhibiting its metabolism.
In patients taking either of these drug classes, acute abdominal pain as part of an intercurrent illness should prompt assessment for possible druginduced pancreatitis. 19 
Sodium-glucose co-transporter 2 inhibitors
Sodium-glucose co-transporter 2 (SGLT2) inhibitors have an osmotic diuretic effect and should be withheld due to the risk of worsening dehydration. They have also been associated with euglycaemic ketoacidosis and therefore may contribute to the development of diabetic ketoacidosis.
Corticosteroids
The hypothalamic-pituitary-adrenal axis is suppressed in patients taking corticosteroids (≥prednisolone 5 mg/day or equivalent), and the normal response to severe illness is blunted. Corticosteroid doses need to be increased to mimic the normal physiological response to prevent haemodynamic instability from a relative hypoadrenal state. For example, methods for steroid escalation in acute illness include:
• increase the dose to an equivalent of hydrocortisone 50-75 mg/day (or prednisolone 12.5-20 mg/day) 27 • double the dose for two days before returning to the patients' usual dose when they feel better. 28 If oral therapy is compromised by severe diarrhoea or vomiting, parenteral hydrocortisone may be necessary. 28 Mineralocorticoids do not need to be adjusted.
Digoxin
Vomiting and diarrhoea can contribute to digoxin toxicity by two mechanisms. First, gastroenteritis can result in hypokalaemia, which potentiates the effect of digoxin. Second, the reduced glomerular filtration rate associated with hypovolaemia reduces digoxin clearance. Digoxin toxicity can manifest as nausea and vomiting, which can further exacerbate hypovolaemia and hypokalaemia.
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Conclusion
Acute illness can result in significant changes to drug pharmacokinetics, which can either cause adverse drug events or potentiate the illness. In relatively healthy individuals, alterations in pharmacokinetics are usually transient and not clinically significant. However, some patients are at risk of a serious adverse event so it is important to
